, which is considered to be the ancestor of the domestic chicken. They differ in their insertion site and their proviral structure. Some are complete with viral sequences gag, pol and env flanked by long terminal repeats (LTR) and others are partially deleted (Rovigatti and Astrin, 1983; Crittenden, 1991) . Some are transcriptionally active and are responsible for the production of viral proteins (Rovigatti and Astrin, 1983) .
The polymorphism of ev genes was first studied in White Leghorn chickens (Astrin, 1978) . A classification of 22 different ev genes has been established from the study of restriction fragment length together with the determination of viral phenotypic expression (Smith, 1987; Crittenden, 1991 (Rovigatti and Astrin, 1983) . Indeed, a very high level of polymorphism has been described for ev genes in commercial layers and broilers (Aarts et al, 1991; Boulliou et al, 1991; Iraqi et al, 1991; Sabour et al, 1992) , and new ev genes were also found in other experimental strains (Gudkov et at, 1981; Ronfort et at, 1991; Lamont et al, 1992 (Merat and Bordas, 1982) . The experimental Wyandotte strain (X55) was maintained for many generations as part of a conservation programme. The 6 populations studied differed in genetic size and in estimated degree of inbreeding. They were free of leukosis infection and were all fast-feathering. The sampling procedure involved full-sib and half-sib families so as to follow the segregation of ev genes and assess the level of heterozygosity. The absence of an ev insertion is considered as a null allele which means that homozygous or heterozygous birds cannot be distinguished without family information.
Genomic DNA isolation and analysis Blood samples were collected on EDTA. After haemolysis, the pellet was incubated overnight in 3 ml buffer containing 50 mM NaCI, 10 mM Tris-HCl (pH 7.5), 10 mM EDTA, 0.4% SDS and 0.1 mg/ml proteinase K. Samples were then extracted with phenol and chloroform-isoamyl alcohol (24:1) and DNA precipitated with isopropanol. The precipitate was washed with 70% ethanol and dissolved in 2-3 ml TE buffer (10 mM Tris-HCI pH 7.5 and 1 mM EDTA). The final DNA concentration was adjusted to around 250 !g/ml. Seven-pg aliquots of DNA were digested to completion with 50 units of SacI or BamHI restriction enzymes which were known to yield one major 3' flanking fragment for each ev insertion in the genome (fig 1) .
Digested DNA samples were electrophoresed in 0.7% agarose at 2 V/cm for 40 h with recirculation of TEA buffer (Maniatis et al, 1982) . The Raoul I ladder (Appligene) was used as a size marker. The DNA was then blotted onto a charged nylon membrane (Biotrace, Gelman Labs) in 0.4 M NaOH. After transfer, the membranes were washed with 2 x SSPE (Maniatis et al, 1982) (Lamont et al, 1992) . Birds free of ev genes have already been described in a White Leghorn background (Astrin et al, 1979; Gavora et al, 1989 (Iraqi et al, 1991) . This possibility was supported by the discovery of a slightly larger number of BamHI than SacI fragments within each line. For instance, additional BamHI fragments were found in the X55 line that could not be associated with a SacI fragment, although frequent within some families. This also suggests that the true rate of heterozygosity might be higher than the value estimated from the SacI banding pattern.
The paired segregation of SacI and BamHI fragments is necessary but not always sufficient to identify ev loci. The analysis of reference ev samples helped to recognize certain ev genes previously characterized in White Leghorns. Unfortunately, such reference samples are not available for other strains. Loci that have one common restriction fragment could be alleles but allelism has been found to be very rare for ALV-related ev genes (Aarts et al, 1992a) .
Locus-specific probes could be used to compare ev insertion sites and heterozygosity levels between strains. Few such probes are currently available because they require cloning of flanking regions from genomic DNA of birds carrying only one ev insertion, and such birds are rare. An eul-specific probe showed that the genomic insertion site for eul was not occupied by a viral insert in Fayoumi chickens although they carried the restriction fragments usually associated with an eul occupied site in White Leghorns, ie 9.5 kb with SacI and 5.2 kb with BamHI (Lamont et al, 1992) . A similar approach revealed a much lower frequency of occupation of the eul site in White Plymouth Rock chickens than in White Leghorns (Aarts et al, 1991) . The polymerase chain reaction has recently been proposed as a method to identify ALV-related ev genes in a locus-specific way (Benkel et al, 1992 Leghorn (Hughes et al, 1981) . Furthermore, the finding of a deletion in the gag region was useful to confirm the identification of ev6 in all the strains. Deletions within the gag region were found to be rare in a survey of several strains (Aarts et al, 1991) but more frequent in White or Brown Leghorns (Hughes et al, 1981; Gudkov et al, 1986; Ronfort et al, 1991 (Iraqi et al, 1991) and commercial broilers (Boulliou et al, 1991) . This could suggest that ev6 is a very old retroviral insertion. Furthermore, ev6 is expressed, and is responsible for the production of the endogenous envelope glycoproteins in many tissues. These proteins induce protection from infection with subgroup E viral particles in White Leghorn chickens (Robinson et al, 1981) . This observation suggested that ev genes expressing envelope antigens, such as ev6, may confer a selective advantage (Robinson et al, 1981) , which could explain the ubiquity of ev6. However, ev6 was found to be associated with higher susceptibility to Marek's disease (Kuhnlein et al, 1989b) and lower immunoresponsiveness (Lamont et al, 1992) . (Gavora et al, 1991) or to linkage with production trait genes for silent ev genes (Kuhnlein et al, 1989b ). Thus, endogenous viral genes can be proposed for mapping studies (Crittenden, 1991) .
